3 This paper develops a framework for improved mainstreaming of ecosystem science in policy and 4 decision-making within a spatial planning context. Ecosystem science is advanced as a collective 5 umbrella to capture a body of work and approaches rooted in social-ecological systems thinking, 6 spawning a distinctive ecosystem terminology: ecosystem approach, ecosystem services, ecosystem 7 services framework and natural capital. The interface between spatial planning and ecosystem 8 science is explored as a theoretical opportunity space to improve mainstreaming processes adapting 9
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1.Introduction

28
Ecosystem Services (ES) are widely used to identify and assess the value of the natural environment 29 through the quantification and qualification of the multiple societal benefits from finite stocks of 30 Natural Capital (NC) (Bateman et al., 2013; Likens, 1992;  Hubacek and Kronenberg, 2013; Raffaelli 31 and White, 2013). They have gained increasing traction as a policy-shaping framework, largely 32 through the Millennium Ecosystem Assessment (MEA) (2003), TEEB (2010) and Ecosystem Services 33 Poverty Alleviation (ESPA) programme which all have exposed significant and ongoing declines in 34 most ES as a consequence of human interventions and actions (see also Constanza et al., 2014; 35 Douglas and James, 2014; Guerry et al., 2015; WWF 2016) . This has catalysed significant global, EU 36 and national responses with ES mainstreaming increasingly evident within dedicated national 37 ecosystem assessments (e.g. Schroter et al., 2016; UKNEA, 2011); new environmental markets in the 38 form of payments for ecosystem services programmes (e.g. Reed et al., 2017) ; multi-criteria 39 73 Furthermore, ecosystem science has only gained partial traction in spatial planning processes and 74 outcomes (UKNEA, 2011 : McKenzie et al., 2014 , partly due to an artificial separation between the 75 governance for the built and natural environment; each with its own policy and legislative 76 frameworks which arguably creates a wider 'disintegrated development' narrative leading to 77 unnecessary duplication, inefficiency and conflict (Scott et al., 2013) . There is, however, a 78 pioneering strand of interdisciplinary research working at the interface between ecosystem science 79 and spatial planning that has tried to exploit their potential synergies (e.g. Douvere, 2008; Scott et 80 al., 2013; Mckenzie et al., 2014; Cowell and Lennon, 2014; Ruckelshaus et al., 2015) . 81
82
In this paper we undertake further exploration in order to develop stronger theoretical, policy and 83 practice foundations for mainstreaming robust ecosystem science in spatial planning practice 84 arguing, in particular, that the ECA -SP interface is key for effective ecosystem science knowledge Geisler, 2007; Reed et al., 2013) . Both involve a change in values and thinking from the negative 103 associations of protection based on policies of control and restraint towards more holistic, proactive 104 and development-led visions and interventions (Scott et al., 2013) . 105 106 This convergence of definitions and principles can be taken a step further. Rather than maintaining 107 separate narratives and audiences for 'built' and 'natural' environment domains, which have typified 108 their evolutions to date, there could be added value from exploring mechanisms that facilitate their 109 integration to support ecosystem science mainstreaming and knowledge transfer (Cowell and 110 Lennon, 2014; Karlsson-Vinkhuyzen et al., 2017). Indeed, Cowell and Lennon (2014) stress the 111 importance of using social learning and methodological approaches that better incorporate and 112 integrate competing theories and ideas rather than producing yet more complexity and competition 113 through creeping incrementalism. How we might address this challenge becomes the central theme 114 of this paper. 115 116
Spatial Planning Principles
Ecosystem Approach Principles 3 Ecosystem managers should consider the effects (actual or potential) of their activities on adjacent and other ecosystems.
5 Conservation of ecosystem structure and functioning, in order to maintain ecosystem services, should be a priority target of the ecosystem approach.
7 The ecosystem approach should be undertaken at the appropriate spatial and temporal scales.
8 Recognizing the varying temporal scales and lag effects that characterize ecosystem processes, objectives for ecosystem management should be set for the long term.
10 The ecosystem approach should seek the appropriate balance between, and integration of, conservation and use of biological diversity.
The Proportionality Principle (e.g. deliverable viability; pragmatism; best available information) (e.g. Nadin, 2007) The Precautionary Principle (e.g. adaptive management; limits; uncertainty; risk) (e.g. Counsell, 1998) 6 Ecosystem must be managed within the limits of their functioning, 8 Recognizing the varying temporal scales and lag effects that characterize ecosystem processes, objectives for ecosystem management should be set for the long term.
10 The ecosystem approach should seek the appropriate balance between, and integration of, conservation and use of biological diversity, The research presented in this paper originates from and builds upon workpackage 10 of the United 120 Kingdom National Ecosystem Assessment Follow-On (UKNEAFO) research programme between 121 2012-2014 which developed a framework to improve the understanding and mainstreaming of 122 ecosystem science across different spatial planning settings 1 . The paper proceeds by illuminating 123 the SP: ecosystem science interface as a conduit for mainstreaming processes, adapting Rogers' 124 (2003) diffusion theory. Within this adaption we introduce the twin concepts of "hooks" and 125 "bridges" as mechanisms to help ecosystem science infiltrate policy and decision-making contexts, 126 priorities and vocabularies. Hooks are defined as key policy or legislative terms, duties or priorities 127 that relate to a particular user group (i.e. spatial planners) into which ecosystem science 128 mainstreaming efforts can then be positioned. Whereas bridges are defined as terms, concepts or 129 policy priorities that are used and readily understood across multiple groups and publics, thereby 130 functioning as integrating mechanisms. We then use four different participant-led narratives of 131 mainstreaming to show the interplay of hooks and bridges in improving SP practice. The 132 commonalities and issues raised within these experiences are then discussed with regard to 133 facilitating wider mainstreaming opportunities and additionality, also paying attention to likely 134 challenges at both national and global scales (Posner et al., 2016) . 135 136
2.Methodology
137
The UKNEAFO (2014) was charged with the translation and mainstreaming of the emerging science 138 from the UKNEA (2011) into policy and decision making processes. To do this a transdisciplinary 139 research team of academics, policy and practice participants was established championing a co-140 production ethic across 10 work packages. This paper draws primarily from intelligence gained 141 within work package 10 from three deliberative partner workshops in 2012-2014. Our partners 142
included key players who were actively involved as innovators in trying to mainstream ecosystem 143 science within particular policy and practice settings. This necessarily shaped the case studies 144 selected. Workshop 1 reported on partners' experiences of ecosystem science mainstreaming 145 practice to identify the barriers and opportunities affecting progress. Workshop 2 then devised an 146 analytical framework for tools and techniques as part of ecosystem science mainstreaming. Finally, 147 workshop 3 developed a resource kit to help integrate guidance, tools and case studies as part of an 148 ecosystem science mainstreaming web platform for wider policy and practice impact and 149 dissemination (NEAT tree 2 ). 150
151
The method was rooted in a managed and deliberative process championing social learning, 152 enabling partners to work collectively and openly to share problems from their ongoing initiatives 153 and use joint problem-solving to build both conceptual and practice-led innovation. We are thus 154 reporting on core workshop outcomes, participant-led assessments of ecosystem science 155 mainstreaming from which our purposive case studies were selected as well as our own post project 156 reflexivity 3 . 157 attention necessarily needs to be focussed on the ways (mechanisms or tools) the 166 innovation/knowledge is spread; partly through the different communication channels and time but 167 also through the prevailing governance frameworks. However, change is not just confined to users 168 modifying or adapting their behaviour, it also is shaped by the emerging science, nature and 169 progress within the idea/innovation/knowledge itself. 170
Building our conceptual framework
171
We have applied this thinking to characterise the current state of ecosystem science mainstreaming 172 in Figure 1 , which exposes the difficulties in securing sufficient traction with ecosystem science ideas 173 for further diffusion in SP practice. The following persuasion "barriers" were evidenced from 174 workshop 1 and reflect the innovative nature of ecosystem science itself in SP theory and practice 175 (Scott et al., 2013) ; its technocentric diffusion (Fish and Saratsi, 2015) ; its complex language and 176 multiple terms (Jordan and Russel, 2014); its requirement for advanced skills to 177 understand/use/access many of the tools available (McKenzie et al., 2014); its lack of exemplars and 178 social learning platforms (Dunlop, 2014; Posner et al., 2016 ) and its lack of champions and local-179 scale information (Burke et al., 2015) . Crucially, it is the cumulative impact of these barriers that 180 hinder its acceptance and integration within decision-making processes in spatial planning. 
194
In order to breach the "persuasion" stage successfully (Rogers, 2003) , mechanisms need to be 195 identified that enable the necessary ecosystem science traction in a given SP setting thus gaining the 196 support and involvement of the gatekeepers and other stakeholders. It is important that any 197 mechanisms should use and work with familiar terms but also allow deliberation and a change in of ecosystem science through ES jargon and applications to date has largely been in the hands of 201 natural science experts although there is an increasing move towards more public-led deliberative 202 exercises (e.g. Fish and Saratsi, 2015) . Consequently, we argue that more attention needs to be paid 203 on identifying and developing mechanisms that appeal to, and engage with, broader SP audiences, 204 politicians and publics who are not familiar with ecosystem science. It is from this logic that we 205 advance the twin notions of hooks and bridges as mechanisms to facilitate and engineer diffusion 206 and change ( Figure 2) . 207 208 Hooks are defined as key policy or legislative terms, duties or priorities that relate to a particular 209 user group or professional network that are used in regular practice whereas bridges are defined as 210 terms, concepts or policy priorities that are readily understood and used across multiple groups and 211 publics, functioning as integrating mechanisms enabling more holistic and integrative thinking and 212 actions across different sectors and policy goals. Using the example of ecosystem science, ideally 213 the 12 EcA principles should be realised within any potential bundle of hooks and bridges to enable 214 optimal ecosystem science mainstreaming. However, different target audiences require different hooks; meaning that the most influential 233 hooks need to be identified in conjunction with the needs, priorities and remits of that audience at 234 that particular time in that SP setting (Douglas and James, 2016). Equally important, is ensuring the 235 selection of bridges that are intelligible as mechanisms to engage multiple audiences and publics to 236 progress ecosystem science ideas. Thus it is the communication, adaption, use and impact of the 237 hooks and bridges cumulatively that will determine mainstreaming success. In the next section, we 238 identify and unpack how specific hook and bridge 'bundles' have been used within four case studies 239 from the UKNEAFO work in different SP contexts. However, the general process of embedding 240 ecosystem science through the interface of EcA and SP principles and identifying suitable hooks and 241 bridges is directly transferable to other countries considering or already working on mainstreaming 242 ecosystem science within their own built environments (see e.g. Brink What is the value of green infrastructure to the residents and businesses of the city? How can the council embed this information to improve its policies, plans and investment opportunities?
ES assessment of green infrastructure. Created green commission at Cabinet level. Used ES data sets to create demand and supply maps showing areas requiring ES investment. Used as evidence base to support other statutory (Birmingham Local Development plan) and nonstatutory plan. Created 7 principles as proxy for EcA. "We need a more strategic and integrated approach to planning for nature within and across local 296
We want the planning system to contribute to our objective of no net loss of biodiversity" 297 (HM Government 2011b:2.37) 298
As part of the approach there is endorsement of ES as a key concept: 299
"Taking account of all the economic and non-economic benefits we get from these (ecosystem) 300 services enables decision-makers to exercise judgement about how we use our environment". (HM 301 Government, 2011b: 11). 302 303 Bridge 1: Green Infrastructure (GI) 304 GI is a term that seems to be widely used by built and natural environment professionals and also 305 understood by many publics. GI is explicitly addressed in the Natural Environment White Paper (HM 306 Government, 2011b) and NPPF/National Planning Policy Guidance (NPPG) 4 and is a term widely used 307 in public policy discourses globally (Mell , 2014) . The NPPF recognises the value of GI within the 308 concept of ecological corridors, improved connectivity and the multiple benefits it delivers in 309 (re)development projects. NPPF Annex 2 defines GI as "[…] a network of multi-functional green 310 space, urban and rural, which is capable of delivering a wide range of environmental and quality of 311 life benefits for local communities". National Planning Guidance has also been recently updated to 312 include specific guidance to help with defining GI scope and extent; "As a network it includes parks, 313 open spaces, playing fields, woodlands, but also street trees, allotments and private gardens" (NPPG: 314 par 27). The explicit mention of gardens helps it have relevance at the individual household level 315 which is important in terms of public engagement and appeal but is a largely neglected dimension in 316 mainstreaming efforts (Dewaelheyns et al., 2016) . The NPPG also recommends embedding GI into 317 the development process at an early stage linking it explicitly to ES. "Green infrastructure provides 318 multiple benefits, notably ecosystem services, at a range of scales, derived from natural systems and 319 processes, for the individual, for society, the economy and the environment." (NPPG: par 27). 320 321 Bridge 2: Multiple benefits/assets 322 Multiple benefits language has been used to secure initial public and/or political support for 323 ecosystem science particularly where ecosystem terminology was unfamiliar (Fish and Saratsi, 2015) . 324
The term has been used on its own but has also been linked to environmental assets. This helps In general there was support for the approach to ecosystem science diffusion taken by the council as 444 8 Ecosystem Knowledge network http://ecosystemsknowledge.net/ is a UK based knowledge exchange network to promote improved understanding and use of the ecosystem approach 9 http://www.northdevonbiosphere.org.uk/ Braunton Burrows Biosphere Reserve 10 http://www.northerndevonnia.org/culm-grassland Nature Improvement Area Culm Measures Devon accessed 30 September 2016 stated in the response to the public consultation document par 343 "The plan's ecosystem approach 445 is supported" 11 . However, issues of scale were raised resulting in a change to the plan to "19. processes. This meant that all staff and board members were actively involved in the mainstreaming 509 process. The NEA (2011); NEWP (2011) and NPPF (2012) were used as highly influential hooks to 510 facilitate this. Its first park management plan (SDNPA, 2013) set out the statutory framework for the 511 protection of the park and its special qualities using the ESF. The park authority also developed and 512 approved its own papers highlighting the relationship between ES and NC which further 513 consolidated their own particular way of mainstreaming ecosystem science 17 . 514
515
The draft local plan (preferred options document 18 ) builds on the statutory Park Management plan 516 (SDNPA, 2015) providing the legal planning policy framework and area plans for deciding planning 517 applications within the park boundary. It also set out to incorporate EcA at its heart drawing on its 518 fast growing national network of ecosystem science practitioners and experience in the UKNEAFO 519 project. 520 521 Participation Principle: Initially there was a targeted strategy of consultation and awareness-raising 522 of ecosystem science amongst its members, partnership board and 15 planning districts through a 523 number of meetings and workshop events. This helped build capacity and support for the statutory 524 management plan to incorporate ecosystem science at its heart. This then was translated to the 525 planning team as part of its local plan process and, to help maximise social learning and knowledge 526 exchange, close relationships were formed with research communities during and after the 527 UKNEAFO work to help facilitate local plan related workshops within which key hooks and bridges 528 were identified. The draft plan was sent out for consultation and the dedicated ES policy SD2 was 529 broadly welcomed and supported within the 52 responses received. However East Hampshire 530
District Council submitted a response that they "consider that this policy duplicates other policies 531 and makes the policy repetitive and whole document unnecessarily long". 19 532 533 Integration and Proportionality Principles: The SDNPA translated the 12 EcA principles into the 534 South Downs context in keeping with their statutory objectives and vision (Box 1). This provided a 535 powerful sense of ownership; translating the EcA language to their own setting and priorities and 536 thus creating a useful umbrella within which to position the local plan process as well as helping to 537 inform new ways of internal thinking across the staff. 538 The NPPF (par 109) hook helped justify the involvement of the entire planning team (strategic and 565 development management) in the local plan process with the thought-leadership and enthusiasm of 566 the director of planning. It created a bridge to communicate and work jointly with other section 567 leads in the park (e.g. landscape and park management). This collaborative working also enabled 568 the park to secure resources for mapping ecosystem services (ECOSERV 20 ); using this data as an 569 evidence base to inform subsequent policy development. Unlike many planning policies for conservation, the positive framing of this policy, with a 590 presumption in favour of development, enables, in theory, some beneficial ES/NC outcomes to be 591 achieved from all planning applications. Crucially, the policy becomes a negotiating tool for 592 planners to have a dialogue about securing positive ES and NC outcomes. It is also important to note 593 how ES language is used explicitly in headline form but then translated into plain English concepts in 594 categories (a-k) which improve accessibility and intelligibility to planning applicants and wider 595 publics thus engaging the public in meaningful ecosystem science dialogues. 
613
The translation of DTC within SDNPA priorities has necessitated the forging of new dialogues and 614 partnerships with the surrounding authorities, forcing their planning staff outside usual DTC 615 priorities associated with housing need to deal with water management, GI and public rights of way. 616
The legal obligation to cooperate under the Localism Act helps the SDNPA engage with other 617 planners providing the initial traction to what are likely to be challenging discussions. 618
619
At the time of writing (April 2017) the local plan is going through a formal consultation process with 620 an impending examination in public for approval in 2017 which will be its ultimate test. In addition 621 there is ongoing collaboration as part of the NEAFO legacy process and new work on NC to 622 undertake ES assessments of major developments to improve ES/NC outcomes. 623 624 Summary 625 Together these case studies reveal the combined influence of hooks and bridges in progressing 626 ecosystem science mainstreaming beyond the persuasion barrier in different ways that suit specific 627 contexts set within the political realities. Each case study showed some progress and initial traction 628 in ecosystem science mainstreaming. These processes have and will evolve differently over time and 629 whilst all our case studies are front runners, or champions, acting at an early stage of ecosystem 630 knowledge diffusion, they represent innovators with important lessons to be learnt for future 631 ecosystem science diffusion. It is to this that attention now turns. 632 633 634
5.Discussion and Conclusions
635
Realising ecosystem science mainstreaming in spatial planning practice 636 637
The diverse approaches to mainstreaming ecosystem science encountered within our four case 638 study narratives reflect different capabilities, vulnerabilities and pragmatism required when trying to 639 introduce new ideas within policy and decision-making processes. This finding is important as it 640 suggests that mainstreaming is an evolutionary and dynamic process which can be conceptualised as 641 different modes of ecosystem science mainstreaming ( Figure 5 where the EcA principles and associated ecosystem science concepts were embedded in the process 666 from the start and inform successive stages. Crucially the management plan was championing an 667 ecosystem approach as a statutory framework for delivery within which the local plan process could 668 fit. The wholesale involvement of the planning team in this reflected a cultural buy in to the idea in 669 a way that the previous stages were unable to secure. 670
671
In each case study hooks and bridges provide evidence of getting through the persuasion phase 672 (Rogers, 2003) Within the South Downs and North Devon and Torridge case studies, the government-appointed 690 planning inspectorate has the role to approve or reject both local plans following their examination 691 in public in late 2017/2018. If approved, they will provide the much needed exemplar case studies 692 to help legitimatise and catalyse the diffusion of ecosystem science policies in other local plans 693 (Posner et al., 2016) ; but equally, the converse applies. Indeed, it is only when other policy makers 694 see how ecosystem science can be validated and approved in policy and planning decisions that the 695 new knowledge / innovation will gain momentum and lead to further mainstreaming activities 696 (Cowell and Lennon, 2014; Rogers, 2003) . The example of the Cotswolds AONB using the approved 697 identified within a bundle for ecosystem science mainstreaming. It is important that they map 706 successfully on to all the EcA:SP principles. Our case study narratives have then identified a set of 707 common ingredients that support the operationalisation of hooks and bridges leading to successful 708 mainstreaming outcomes. These are unpacked in the next section; the need for political support; 709 effective leadership; safe social learning spaces; and a willingness to experiment by operating 710 outside usual comfort zones. 711 712 However, there is a danger that simple accommodation or incorporation of ecosystem science terms 713 in existing work practices as bolt-ons could lead to little or no behaviour change, with accusations of 714 "ecosystem-wash" mirroring the greenwash accusations observed in sustainability and 715 environmental valuation discourses (e.g. Spash, 2015) . All our case studies hopefully demonstrate 716 that there is more to this than that. The DTC, equating with strategic regional planning in more global contexts, also provides a potential 739 opportunity tool to engage in new dialogues and partnerships, creating new social learning and 740 knowledge-sharing spaces, addressing a range of strategic planning challenges of local, national and 741 international significance such as flood and drought management (e.g. Reed et al., 2017) ; green 742 infrastructure creation and improvements (Connop et al., 2016) ; provision for recreation, and 743 climate change mitigation and adaptation (Jordan and Huitema, 2014) . However, in England this is 744 inhibited by the dominance of the economic growth narrative and priority in DTC matters towards 745 joint housing need assessments (Scott, 2016) . Here, the new dialogues started by SDNPA with 746 surrounding local authorities, developers and other built environment professionals within their 747 bespoke DTC policy, provides a more progressive exemplar model for strategic planning, that can be 748 applied beyond a protected landscape planning context. 749
Core ingredients for mainstreaming ecosystem science globally 750 751 As depicted in Figure 5 , the four case study narratives reveal core ingredients which drive successful 752 ecosystem science mainstreaming processes. These have wider global applicability; the need for 753 political support; effective leadership; safe social learning spaces; and a willingness to experiment by 754 stepping outside usual comfort zones. 755
756
Getting high-level political support early on in a mainstreaming process is a significant but often 757 Our case studies and discussions have highlighted innovative thinking and practice but they are still 796 very much pioneers. Indeed, it is fallacious to view our case studies as 'successful'. Their journeys 797 are evolving and will be affected positively and negatively by both internal and external drivers of 798 change as innovators and the extent to which they can overcome the other barriers to ecosystem 799 science; its technocentric nature (Fish and Saratsi, 2015) ; the need for advanced skills to 800 understand/use/access many of the tools available (McKenzie et al., 2014); the lack of exemplars 801 and social learning platforms (Dunlop, 2014; Posner et al., 2016 ) and lack of local-scale information 802 (Burke et al., 2015) . 803 804
